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ABSTRACT

In order to improve the nighttime visibility of the lane, the need for the development of the automated line marking equipment is on
the rise. The purpose of this study is to suggest performance assessment methodology that can be assessed from various aspects such
as productivity, safety and quality performance of line marking equipment and to comprehensively analyze the performance of
hand-operated and automated equipment based on field test. The following shows the results. It suggested a methodology capable of
analyzing the performance of the line marking equipment in terms of productivity, safety and quality. Automated equipment for line
marking was analyzed that can be obtained productivity achievement rate of 156.3% as compared with hand-operated equipment. On
the basis of the expert advise and literature review, we derived twelve safety factors and ten quality factors of unit work in line marking.
By utilizing the AHP technique, we estimated the importance of safety and quality factors. Automated equipment for line marking was
analyzed to have been able to expect safety improvement rate of 49.8% and quality improvement rate of 47.2%. It is expected that the
performance assessment methodology suggested in this study will be useful in analyzing objective and quantitative validity and
expected effectiveness of the line marking equipment.
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Fig. 2. Hand-Operated Equipment Test

Table 1. Productivity Test Result by Hand-Operated Equipment

Classification Productivity
o Distance (m/min) 39.1
Productivity Y
Area (m”/min) 59
Daily Distance (km/day) 18.8
Productivity Area (m*/day) 2,816.9
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Fig. 3. Analysis Procedure of Safety and Quality Assessment
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Table 2. Method Based on Assessment

Rank Contents of Assessment

—_
(=)

Absolutely favorable alternative

9 Excellent alternative compared to the original bill
8 Very good alternative compared to the original bill
7 Good alternative compared to the original bill
6 Fairly good alternative compared to the original bill
5 Equivalent to the original bill and alternative
4 Fairly good original bill compared to the alternative
3 Good original bill compared to the alternative Fig. 4. Automated Equipment Test
2 Very good original bill compared to the alternative
| Excellent original bill compared to the alternative Table 3. Productivity Test Result by Automated Equipment
0 Absolutely favorable original bill Classification Automated Equipment
Line Marking Distance (m) | Area (mz) Wor]zlsr;%Tlme
Sue A3l Bk, SEo7IeS Table 29} 2t (Width 15 cm) 00 s %
ASASE BNRRE FaE WARel SF) AN e - ——— 0
ulge 2 Eq. ()% 283te] m2seick Producivity yo—r— o
. . Distance (km/day) 29.4
Pl= WX R.IX 100 0 Daily Productivity Arca (m2/day) 24040

where, P.I = Performance Index
W = Weight
R.I = Ranking Index
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Table 4. Comparison of Hand-Operated and Automated Equipment

Productivity
cusin [Fdormet] oot [y | o
cation B-A B/A
(A) ®) (B-A) (B/A)
Distance
(knvday) 18.8 294 10.6
A 156.3%
ea
(m2 Jday) 2,816.9 4,404 1,587.1
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Table 5. Safety Factors
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Table 7. Importance of Safety Factors in Cleaning

Classification| Fs-01 Fs-02 | Fs-03 W\e/ij}l;ied Importance
Fs-01 1 2 1/3 0.240 0.040
Fs-02 1 1/4 0.137 0.023
Fs-03 1 0.623 0.105

C.I=0.00916, C.R=0.01579 1.000 0.168

Unit Work Safety Factor Table 8. Importance of Safety Factors in Primer Application
Fs-01 Heatstroke Risk caused by Radiant Heat of Road i
. i i - Classification| Fs-04 Fs-05 Fs-06 Weighted Importance
A. Cleaning  |Fs-02 Human Body Harm caused by Debris, Dust, Etc Value
Fs-03 Accident Risk caused by Surrounding Vehicle Fs-04 1 2 13 0.240 0.052
. Fs-04 Heatstroke Risk caused by Radiant Heat of Road Fs-05 1 1/4 0.137 0.029
B. ir;gll'iecr:ation Fs-05 Fire Risk caused by Firearms Fs-06 1 0.623 0.133
Fs-06 Accident Risk caused by Surrounding Vehicle C.I=0.00916, CR=0.01579 1.000 0.214
C. Paint Fs-07 Burns Risk caused by High Temperature
Transferred Table 9. Importance of Safety Factors in Paint Transferred to
to Equipment| Fs-08 Accident Risk caused by Surrounding Vehicle Equipment
Fs-09 H ke Risk Radiant H f R igh
s-09 Heatstroke Risk caused by Radiant Heat of Road Classification| Fs-07 Fe-08 Weighted Importance
D. Line Fs-10 Burns Risk caused by High Temperature Value
Marking Fs-11 Fire Risk caused by Firearms Fs-07 1 2 0.667 0.063
Fs-12 Accident Risk caused by Surrounding Vehicle Fs-08 1 0333 0.032
C.I=0.00000 1.000 0.095

Table 6. Safety Weighted Value of Unit Works

Table 10. Importance of Safety Factors in Line Marking

e Weighted Fi,Xed ;
Classification |~ A B ¢ b Value Weighted Classification | Fs-09 | Fs-10 | Fs-11 | Fs-12 Weighted Importance
Value Value

A 1 12 3 1/4 0.168 16.8% Fs-09 1 12 2 1/5 0.128 0.067

B 1 2 1/3 0.214 21.4% Fs-10 1 2 1/5 0.176 0.092

C 1 1/4 0.095 9.5% Fs-11 1 1/5 0.089 0.046

D 1 0.523 52.3% Fs-12 1 0.607 0318
C.I1=0.05961, C.R =0.06623 1.000 100.0% C.I1=0.04110, C.R =0.04566 1.000 0.523
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Unit Work Importance _
Factor HIA|H | A o= RS, 9) frEld A 10) AR = AL e
Fs-01 0.040 5| 5] 200 | 200 Ao 7 BEMFE)
) Fs-02 0.023 515 | 115 | 115
A. Cleaning
Fs-03 0.105 5|5 | 525|525
Sum 0.168 15 ] 15 | 84.0 | 84.0
Fs-04 0.052 51512601260 Table 12. Quality Factors
i Fs-05 0.029 515 | 145 | 145
B. an?r . S Unit Work Quality Factor
Application Fs-06 0.133 515|665 | 66.5 - -
A. Cleaning Fo-01 Removal Levels of Debris
Sum 0.214 15| 15 | 107.0 | 107.0 - -
) Fo-02 Excess and Shortage in Spraying Amount of
C. Paint Fs-07 0.063 5 6 | 315 | 37.8 B. Zrmie.:r . Primer
ication
Transferred to | Fs-08 | 0032 | 5 | 7 | 160 | 224 PP Fo-03 Insufficient Drying of Primer
Equipment
Sum 0.095 10|13 | 475 | 602 C. Paint Fqo-04 Mixing Residue in a Melter
Fs-09 0.067 5 33.5 | 603 Transferred to
Fe-10 0.092 5 460 | 8.8 Equipment Fq-05 Discoloration by Overheating
D. Line Marking | Fs-11 0.046 5 23.0 | 36.8 Fqo-06 Uniform Mixing of Paint and Glass Beads
Fs-12 0318 5 | 10 | 159.0 | 318.0 Fqo-07 Melting Temperature in Construction
Sum 0.523 20 | 36 | 261.5 | 497.9 D. Line Marking |Fo-08 Embedding Ratio in Spraying Glass Beads
Total 1.000 60 | 79 | 500.0 | 749.1 Fo-09 Spraying Amount of Glass Beads
A 249.1 Fq-10 Uniform Film Thickness
Improvement of Safety Performance (A 49.8%)

——Hand-Operated =0= Automated
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\5\ ha 1000

FS-05

Fs-08 Fs-06 A.Cleaning  B.Primer CPaint D Line Marking
Application ~ Transferred to
Fs-07 Equipment

Fig. 5. Rank and Performance Assessment in Safety Factors

682 Journal of the Korean Society of Civil Engineers

Table 13. Quality Weighted Value of Unit Works

Fixed
igh
Classification| A B C D Weighted Weighted
Value

Value

A 1 2 3 1/3 0.247 24.7%

B 1 2 1/3 0.158 15.8%

C 1 1/4 0.094 9.4%

D 1 0.501 50.1%
C.I=0.02917, CR =0.03241 1.000 100.0%




Table 14. Importance of Quality Factors in Primer Application
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Table 17. Quality Performance Assessment

Classification Fq-02 Fq-03 W\e;gl?:d Importance
Fq-02 1 1/4 0.200 0.032
Fq-03 1 0.800 0.126

C.I=0.00000 1.000 0.158

Table 15. Importance of Quality Factors in Paint Transferred to

Equipment
. . Weighted
Classification Fq-04 Fq-05 Value Importance
Fo-04 1 1/3 0.250 0.023
Fq-05 1 0.750 0.071
C.I=0.00000 1.000 0.094

Table 16. Importance of Quality Factors in Line Marking

Classification|Fy-06|Fo-07 | Fo-08 |Fo-09| Fo-10 W{c/iaglﬁied Importance
Fq-06 1 13 | 14| 1/4 | 1/5] 0.062 0.031
Fo-07 1 2 2 2 0.335 0.167
Fo-08 1 1 1 0.197 0.099
Fo-09 1 1 0.197 0.099
Fo-10 1 0.209 0.105

C.I=0.03646, C.R =0.03255 1.000 0.501
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Unit Work Quality Importance
Factor H| A H A
Fo-01 0.247 51 5 | 1235|1235
A. Cleaning
Sum 0.247 515 | 1235|1235
) Fq-02 0.032 515|160 | 16.0
B. Primer Fo03 | 0126 | 5| 5 | 630 | 630
Application
Sum 0.158 10 | 10 | 79.0 | 79.0
C. Paint Fo-04 0.023 515 | 115 | 115
Transferred to | Fq-05 0.071 5 9 | 355 | 639
Equipment Sum 0.094 10 | 14 | 470 | 754
Fq-06 0.031 519 | 155|279
Fo-07 0.167 5 |10 | 835 | 167.0
) ) Fq-08 0.099 519 | 495 | 89.1
D. Line Marking
Fq-09 0.099 51 7 | 495 | 693
Fo-10 0.105 5 110 | 52.5 | 105.0
Sum 0.501 25 | 45 | 250.5 | 458.3
Total 1.000 50 | 74 | 500.0 | 736.2
Improvement of Quality Performance 2362
p ty (A 47.2%)
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Fig. 6. Rank and Performance Assessment in Quality Factors
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